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VARYING CAPACITANCE ROTATING
ELECTRICAL MACHINE

BACKGROUND OF THE INVENTION

The present invention relates to rotating electrical
machines (e.g. electrical motors and generators) and 1n par-
ticular to a rotating electrical machine employing variable
capacitance with a capacitor plate supported on fluid bear-
ngs.

Electrical motors and generators share similar structures of
an electrically interacting stator and rotor and may be collec-
tively termed “rotating electrical machines.” Conventional
rotating electrical machines may be roughly characterized as
exploiting magnetic fields and/or change 1n inductance (re-
luctance) between moving parts. It 1s also possible to con-
struct rotating electrical machines that exploit electric fields
and/or change 1n capacitance between the moving parts. Such
varying capacitance rotating electrical machines have a num-
ber of advantages over conventional varying inductance
motors including the elimination of magnets, ferrous materi-
als, and high current copper windings. As a result, such vary-
ing capacitance rotating electrical machines allow potentially
higher-speed operation (by eliminating the mass of ferrous
materials and magnets and the complex structure of wind-
ings) and higher temperature operation (as limited by mag-
netic materials and winding insulation), and higher efficiency
by operating at high voltages with low resistive losses.

An obstacle to the development of varying capacitance
rotating electrical machines 1s the relatively low capacitive
coupling that can be obtained between the stator and rotor
resulting 1n low power density (e.g. the need for physically
large devices for a given power level).

SUMMARY OF THE INVENTION

The present invention provides a varying capacitance rotat-
ing electrical machine 1 which capacitive coupling 1is
obtained between rotating and stationary capacitor plates by
allowing one plate to float on a cushion of fluid, generated by
the relative motion of the plates, in the manner of an air
bearing. The small gaps between the plates, achievable with
reasonable manufacturing tolerances, greatly increase the
power density of the device.

Specifically, in one embodiment, the present invention pro-
vides a rotating electrical machine having a rotor mounted for
rotation with respect to a frame about an axis and including at
least one circumierentially displaced plate and non-plate
region having different electrical properties. A stator fixed
with respect to the frame provides at least one conductive
plate aligned and unaligned with the plate region of the rotor
during rotation of the rotor. At least one of the plate regions of
the rotor and plate of the stator are axially movable to tloat in
separation from the other of the plate regions of the rotor and
stator on a fluid film.

It 1s thus a feature of at least one embodiment of the mven-
tion to provide high power densities for varying capacitance
motors by allowing closer coupling of the capacitive plates.
By floating the capacitive plates on a cushion of air, dimen-
sional variations resulting from wear or manufacturing toler-
ances may be accommodated.

The fluid may be air.

It 1s thus a feature of at least one embodiment of the mven-
tion to provide a simple design borrowing from the principles
of an air bearing.

Alternatively, the fluid may be a liqud.
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It 1s thus a feature of at least one embodiment of the inven-
tion to provide a system using an mcompressible material
offering improved mechanical stability and/or higher separa-
tion forces.

The invention may provide a spring element biasing at least
one of the plate regions axially toward the other of the plate
regions.

It 1s thus a feature of at least one embodiment of the 1nven-
tion to promote extremely close proximity between compo-
nents of the varying capacitors.

The plate region of the rotor may be a conductive plate.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a stmple rotor mechanism employing conduc-
tive plates that move 1into alignment and out of alignment with
changes 1n the capacitance.

The conductive plates of the stator and conductive plates of
the rotor may each connect to stationary terminals on the
frame for communication with external circuitry.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a simple configuration 1n which the varying
capacitance 1s defined by one or more elements having only
two components subject to relative displacement.

The stator or the rotor may 1nclude three electrically inde-
pendent sets of plates distributed 1n equal angles about the
axis, the plates of each set joined electrically, and the other of
the stator and rotor includes different conductive plates pro-
viding for periodic varying capacitance between conductive
plates of the electrically independent sets and at least one of
the ditferent conductive plates, the periodic varying capaci-
tances each oflset 1n phase from the others by an angular

magnitude of 120°.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a three-phase rotating electrical machine (ei-
ther a motor or generator) and the advantages attendant to
such three-phase operation.

The rotating electrical machine may further including a
second stator positioned on an opposite side of the rotor from
the first stator, the second stator providing a conductive plate
region aligned and unaligned with the plate region of the rotor
during rotation of the rotor.

It 1s thus a feature of at least one embodiment of the mven-
tion to provide a system that does not require slip rings to
communicate electrical signals to or from the rotor. By tlank-
ing the rotor with opposed stator plates, electrical termina-
tions can be confined to the fixed stator plate elements.

In one embodiment the plate region may include a material
of higher dielectric than the non-plate region.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a material increasing the capacitance when the
plate region of the rotor 1s aligned with the plate of the stator.

The rotor may include an electret material.

It 1s thus a feature of at least one embodiment of the 1nven-
tion to provide electrostatic augmentation of the operation of
the device.

These particular features and advantages may apply to only
some embodiments falling within the claims and thus do not

define the scope of the mnvention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a perspective view of a varying capacitor rotating,
clectrical machine according to one embodiment of the
present invention and comprised of interleaved rotor and sta-
tor disks each having circumierentially spaced plates or plate
regions and showing an exploded view of one set of such
disks 1n unexploded form;
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FIG. 2 1s a cross-section along line 2-2 of FIG. 1 showing
axial movable plates on the stator disks spring biased toward
an interposed rotor disk;

FIG. 3 1s a cross-sectional view of one stator plate and one
rotor plate region showing relative axial movement and
spring biasing of the plate toward the plate region as sup-
ported away from the plate region by a first gap on a cushion
ol air generated movement of the rotor and showing a dielec-
tric layer attached to the plate;

FIG. 4 1s a figure similar to that of FIG. 3 in which a
dielectric layer 1s placed on the axially movable plate and
showing a second gap larger than the first gap caused by
greater relative velocity between the plate and plate region;

FIG. 5 1s a figure similar to that of FIGS. 3 and 4 showing
contact of the plate and plate region at start up of the rotating
clectrical machine before the cushion of air 1s developed, at
which time the plates are insulated from each other by the
dielectric layer;

FIG. 6 1s a cross-section perpendicular to the cross-sections
of FIGS. 3-5 showing side ribs formed 1n the movable plate to
provide for stiflness and light weight;

FI1G. 7 1s a simplified exploded view of a three disk unit of
a rotating electrical machine having a rotor disk flanked by
two stator disks and showing alignment and unalignment of
plates and plate regions with rotation of the rotor disk;

FIG. 8 1s a simplified schematic representation of the three
disk unit of FIG. 7 showing a varying capacitance formed by
the plates and plate regions such as provides for the output of
power with rotation of the rotor disk;

FIG. 9 1s a set of three diagrams showing successive align-
ment of the plates of one or more stator disks with plate
regions of a rotor disk for generating three-phase electrical
power or conversely for recewving three-phase electrical
power for generating torque;

FI1G. 10 1s a figure similar to that of FIG. 7 showing a two
disk unit embodiment of the rotating electrical machine
employing a slip ring for communicating with plate regions
on the rotor disk;

FIG. 11 1s a figure similar to that of FIG. 2 showing an
alternative configuration 1 which the movable plates are
attached to the rotor disk:

FIG. 12 1s a front elevational view of the rotor disk having,
a stator comprised of two independently axially movable
plates providing a two disk unit without the need for slip
rings;

FIGS. 13 and 14 are an elevational cross-section and a
perspective view of an alternative embodiment of the present
invention employing a rotor cylinder instead of a rotor disk;

FIG. 15 1s a perspective view of an alternative embodiment
of the present invention 1n which the rotor cylinder 1s con-
tained within a bearing sleeve to provide an air bearing sup-
porting the axle of the motor;

FIG. 16 1s a plot of average capacitance of the varying
capacitance of the rotating electrical machine as a function of
rotor velocity and turther showing corresponding transmis-
sion amplitude of a high-frequency signal through the varying
capacitance as a function of rotor velocity;

FIG. 17 1s a simplified representation of a cross-section
through two stators and a rotor disk in the embodiment of
FIG. 7 1n which the rotor disk includes an electret element;

FIG. 18 1s a figure similar to that of FIG. 17 wherein the
rotor disk includes a high dielectric element; and

FIGS. 19aq and 196 are simplified perspective diagrams
showing configuration of the rotating electrical machine of
the present invention as either a generator or a motor;
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FIG. 20 1s a figure similar to that of FIG. 2 showing an
alternative embodiment providing a stator disk with a elec-

trode shared between two rotor disks; and

FIG. 21 1s a fragmentary front elevational view of the
shared electrode of FIG. 20

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR.

(1]
By

ERRED

Referring now to FIG. 1, 1n one embodiment, a rotating,
clectrical machine 10 per the present invention may provide a
rotor 12 mounted on an axle 14 for rotation about an axis 18.
The axle 14 may be supported at opposite ends by bearings 20
supported by a frame 22, the latter being generally stationary.

The rotor 12 may support one or more rotor disks 24
extending generally perpendicularly to the axis 18 to rotate
with the axle 14. Front and rear surfaces of the rotor disks 24
made be divided into plate areas 26 and non-plate arcas 28
spaced circumierentially therearound the axis 18. In this
embodiment, plate areas 26 may be conductive plates on the
opposite side of the rotor disks 24 and electrically joined
through the rotor disk 24 or provided a continuous conductive
or high dielectric material extending through the axial thick-
ness of the rotor disk 24.

Flanking each rotor disk 24 along the axis 18 are two stator
disks 30 having plates 32 separated and electrically 1solated
by msulating areas 34, each spaced at regular angular inter-
vals about the axis 18. Clearance holes 40 1n the stator disks
30 allow the axle 14 to pass therethrough and freely rotate
therein. The stator disks 30 are supported by the frame 22 to
remain substantially stationary with respect to the rotating
rotor disk 24. Each rotor disk 24 and the two stator disks 30
comprise a three disk element that may be repeated along the
axle 14 with the plates 32 and interconnected for parallel or
series operation.

The plates 32 of each stator disk 30 are generally parallel to
and closely proximate to the two opposite surfaces of the rotor
disk 24 and thus to the plate areas 26 and non-plate areas 28.
Rotation of the rotor disk 24 moves the plate areas 26 into
alignment and out of alignment with the plates 32 of the stator
disks 30. Generally, the center of the plates 32 of each stator
disk 30 will be aligned with each other across the rotor disk 24
along lines parallel to the axis 18.

The plates 32 may be attached to electrical conductors 36
that communicate with terminals 38 of the rotating electrical
machine 10 either for the receipt of electrical power when the
rotating electrical machine 10 1s used as a motor providing a
mechanical output along the axle 14 or for the output of
clectrical power when the rotating electrical machine 1s used
as a generator driven by mechanical force applied to the axle
14.

Referring now to FIG. 2, 1n one embodiment the rotor disks
24 provide a rigid generally insulating material forming the
non-plate areas 28 and broken by conductive segments 42
defining the plate areas 26. It will be understood that the
conductive segment 42 may alternatively be implemented as
two conductive plates on either face of the insulating material
of the non-plate areas 28 joined by vias (not shown) extending
therebetween. Alternatively, the rotor disk 24 may comprise a
conductive material providing the plate areas 26 and having
cutouts filled with isulating dielectric providing the non-
plate arcas 28

The plates 32 on the stator disks 30 may provide flexing
conductive wings extending in cantilever fashion and gener-
ally parallel to a face of the stator disk 30 to which they are
attached at one end. In this way, the plates 32 may “float”
above the surfaces of the rotor disk 24 on a thin cushion of air
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drawn along the surface of the rotor disk 24 as 1t rotates with
respect to the stator disks 30. A slight spring bias in the
material ol the plate 32 urges the plates 32 toward the surfaces
ol the rotor disk 24 against the countervailing pressure of the
cushion of air on which they float.

Referring now to FIG. 3, 1n one embodiment the plates 32
are attached at proximal end 34 to the stator disks 30 (and
ultimately to the frame 22) by a tlexing portion 38 or a hinge
or other pivot of types known 1n the art allowing axial motion
60 (generally along axis 18) of a distal plate portion 61. This
distal plate portion 61 will be generally parallel to a corre-
sponding surface of the stator disk 30 and rotor disk 24 and
spaced from the rotor disk 24 along axis 18 by a gap 62 which
defines the plate separation. Movement of the distal plate
portion 61 thus may change the gap 62.

Rotary motion 64 of the rotor disk 24 between the stator
disks 30 draws air 66 1nto the gap 62 compressing that air to
provide an air bearing between the rotor disk 24 and the plates
32. In this way, the plates 32 may float on a thin film of air
against a bias force 68 applied to the plates 32, for example,
by the natural elasticity of the flexing portion 58 or by a
separate spring or the like. The bias force 68 may be adjusted
to control the stiffness of the positioming of the plate 32 for the
purpose of stability and the like as well as to control the
absolute separation of the gap 62.

An outer surface of the rotor disk 24 opposite the plates 32
may be coated with a dielectric layer 70 such as Teflon® or
other insulating and/or high dielectric material that may pro-
vide for insulation between the plate 32 and the rotating plate
areas 26 when the plate 32 1s no longer supported by the layer
of air 66, for example, as shown 1n FIG. 3. Ideally, the dielec-
tric layer 70 will have a breakdown voltage suificient to
prevent electrical direct current flow between plates 32 and
plate areas 26 when there 1s zero air gap 62 and will provide
some abrasion resistance. The dielectric layer 70 also
increases the capacitance for a given gap 62.

Referring now to FIG. 4, 1n an alternative configuration the
dielectric layer 70 may be attached to the surface of the plate
32 toward the rotor disk 24. This configuration shows a
greater separation between plate 32 and plate area 26 of the
rotor disk 24 as may occur as the rotational velocity of rotat-
ing plate areas 26 increases.

Referring now to FIG. 6, in one embodiment the plate 32
may have ribs 73, for example, formed as axial extensions on
either side of the plate 32 to provide for greater stifiness and
prevent undesirable longitudinal vibrations 1n the plate 32.

Referring now to FIG. 7, rotation of the rotor disk 24 moves
individual plate areas 26 into alignment and out of alignment
with corresponding plates 32 on stator disks 30 tlanking the
rotor disk 24. When the plate area 26 1s in alignment with the
plates 32, the capacitance between the plates 32 1s increased
and correspondingly when plate area 26 1s out of alignment
with plates 32, capacitance between the plates 32 1s
decreased.

Referring now to FIG. 8, when the rotating electrical
machine 10 1s used as a generator, a DC voltage may be
provided by an exciter voltage source 72 attached to one of the
plates 32 and a resistive load 74 may be attached to the
corresponding other of the plates 32. The effective varying
capacitor 76 formed by plates 32 and plate arcas 26 with
rotation of the rotor disk 24 will pump an alternating current
78 through resistive load 74.

This process of power generation may be understood 1ntu-
itively by considering an imtial charging of the effective
varying capacitor 76 when 1t has its maximum capacitance
value with plate areas 26 aligned with plates 32. At this time
the following relationship will apply:
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exciter

When the value of the capacitance C_ __ 1s reduced, with
plate areas 26 moving away from plates 32 with further rota-
tion of the rotor disk 24, C__drops to C_. necessitating a
decrease 1n g within the effective varying capacitor 76 (for the
same exciter voltage V. ). This decrease in g constitutes a
negative electric current through the resistive load 74 until the
capacitance begins to increase to C_ _ again, reversing the
flow of charge to the positive direction which constitutes a
current with a significant alternating current component.

Separating the plates of the effective varying capacitor 76
(e.g. plates 32 and plate areas 26) such as causes this reduc-
tion 1n capacitance requires movement against the attractive
forces of the stored charges on the plates and thus requires the
application of torque on the rotor disk 24, the mechanical
power 1mput to the generator.

For motor application, the exciter voltage source 72 may be
replaced with an AC drniving voltage source (including, for
example, a commutated DC signal) and the resistive load 74
may be replaced with a direct path to ground. Here increasing
the voltage across the eflective varying capacitor 76 from the
AC dnving voltage increases the attractive force between
plates 32 and plate areas 26 caused by the increase stored
charge q. Reducing the applied voltage (or reversing it)
decreases this force and these changes 1n force are harnessed
to apply torque to the axle 14 in a manner analogous to those
used with switched reluctance and synchronous reluctance
motors.

Referring now to FIG. 9, a three phase system may be
constructed, for example, by placing six plates 32 on stator
disks 30 (shown 1n dotted lines) and four plates areas 26 on
rotor disk 24 (shown 1n dotted lines) each distributed at equal
angular intervals about the stator disks 30 or rotor disk 24,
respectively. Diametrically opposed plates 32 are electrically

connected to provide for three imndependent sets of plates
denoted A, B, and C, each set connected to a different terminal
38 (shown 1n FIG. 1). Each of the four plate areas 26 on the
rotor disk 24 1n this example may be electrically independent.

At a first relative position 80 between the stator disk 30 and
rotor disk 24, two of the diametrically opposed plate areas 26
on the rotor disk 24 may align fully with diametrically
opposed plates 32 of set A outputting at a terminal 38 con-
nected to set A, a maximum output voltage 82 at time 84. The
remaining plate areas 26 of the rotor disk 24 span plates 32 of
sets B and C providing corresponding output voltages 86 and
88 at two different terminals 38, these output voltages 86 and
88 being equal but only slightly above their minimum values.

A 30 degree counterclockwise rotation of the rotor disk 24
to position 81 brings diametrically opposed plate arcas 26
into alignment with diametrically opposed plates 32 of set C
outputting a maximum value of the output voltage 88 at time
90. At this time, the remaining plate areas 26 of the rotor disks
24 span the plates 32 of sets A and B providing output volt-
ages 82 and 86 that are equal and only slightly above their
minimum values.

Finally, an additional 30 degree counterclockwise rotation
of the rotor disk 24 to position 83 brings two diametrically
opposed plate areas 26 nto alignment with diametrically
opposed plates 32 of set B providing a maximum value output
voltage 86 at a third terminal at time 92. The remaiming plate
areas 26 bridge the plates 32 of sets A and C producing output
values at time 92 for output voltages 82 and 88 that are equal
and only slightly above their minimum value.

It will be appreciated that the output voltages 82, 86 and 88
are depicted only approximately and generally will not be
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sine waves but only periodic wavelorms that provide three
phases of power separated each by 120 degrees of phase
angle.

It will be further understood from the above description,
that an application of a corresponding three phase AC signal
per the output voltages 82, 86 and 88 will likewise provide
rotation of the rotor disk 24 in the manner of a motor. In this
case a three-phase signal 1s applied as an AC signal (which
may be sinusoidal, square, trapezoidal, with or without DC
offset depending on the specific physical design/shape and
control approach of the machine) to the plates 32 and the
corresponding plates 32 on the other stator disks 30 are tied to
ground.

Referring now to FI1G. 10, the repeatable units of a rotating,
rotor disk 24 and flanking stator disks 30 may, 1n an alterna-
tive embodiment, be replaced with a repeatable unit employ-
ing only two disks: one stationary stator disk 30 having one or
more plates 32 as described above and one rotating rotor disk
24 having one or more plate areas 26 as described. In this
embodiment, the plate areas 26 are attached to a correspond-
ing slip ring 94 allowing electrical connection to a resistive
load 74 to the plate areas 26. In operation, the plates 32 and
plate areas 26 provide opposite plates of the effective varying,
capacitor 76 (shown in FIG. 8) differing from the previous
embodiment notably 1n requiring a slip ring 94 for the attach-
ment of the electrical circuit to the plate area 26.

It will be appreciated that the design of FIG. 10 may also be
used as a motor as discussed above.

Referring now to FIG. 11 1t will be appreciated that the
rotor disk 24 1n the embodiment of FIG. 2 may in fact hold
movable plate elements 96 analogous to plates 32 but
attached to the rotor disk 24. These plate elements 96 may
provide for axial outward movement toward flanking plates
32 which may now be affixed immovably to the surfaces of
the rotor disks 30. The plate elements 96 may flex outward
toward the plates 32 to be restrained and separated from those
plates 32 by a cushion of air.

Referring now to FIG. 12, 1n an alternative embodiment,
the rotor disk 24 may provide a plate area 26 and non-plate
arcas 28 exposed at one surface to a stator 100 comprising two
clectrically and mechanically independent plates 32a and 325
cach separately supported on a cushion of air above the face
of the rotor disk 24. Both of the plates 32a and 325b periodi-
cally align with the plate area 26 and then with the non-plate
area 28 with rotation of the rotor disk 24. The effective vary-
ing capacitor 76 (shown 1n FIG. 8) 1s thus defined between
plate 32q and plate 326 as moderated by plate area 26.

It will be understood that this approach of having the plate
area 26 mediate between two plates 32q and 325 on a single
side of the rotor disk 24 may be used 1n the embodiment of
FIG. 9 by allowing the two plates A to serve as the plates 32a
and 3256, and making similar terminal connections for the
plates B and C. The diametrically opposite plate areas 26 are
then electrically joined to provide a conductive path connect-
ing 1n series the capacitance from plate areas 26 to successive
pairs of plates A, B, and C. In this way, a two disk element
using the configuration of FIG. 12 may avoid slip rings.

Referring now to FIGS. 13 and 14, 1t will be appreciated
that the rotor disks 24 may instead be a rotor cylinder 24, the
latter being a cylinder rotating about the axis 18 on axle 14.
The outer surface of the cylinder 24' may support the plate
area 26 and the non-plate area 28, for example, as a metallic
cladding on the outer surface of an insulating material form-
ing the substrate of the cylinder 24'. The stator 100 may be a
pair of cantilevered plates 32 conforming to the surface of the
cylinder 24'.
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It will be appreciated that this cylindrical configuration of
FIGS. 13 and 14 may also be used to implement the three disk
clement embodiment of FIG. 7 by joining plate areas 26 on
diametrically opposed surfaces of the cylinder 24" with a
diametric conductor or the like.

Referring to FIG. 15, this cylindrical configuration may be
implemented 1n the form of an air bearing 102 in which the
rotor cylinder 24' 1s the outer periphery of the axle 14 having
on its surface the plate areas 26 and non-plate areas 28, for
example, separated from a metallic axle 14 by an isulating
layer or where the axle 14 1s a rigid insulating material such as
the ceramic. A cylindrical sleeve 104 provides an outer bear-
ing surtace for the axle 14 and supports on 1ts inner periphery
plates 32. Rotation of the axle 14 within the cylindrical sleeve
104 traps a thin layer of fluid such as air between the outer
walls of the axle 14 and the 1nner walls of the cylindrical
sleeve 104 suspending 1t 1n the manner of an air bearing and
also providing either generator or motor capabilities as
described above.

Referring now to FIG. 16, there will generally be a rela-
tionship between the separation of the plates 32 and the plate
areas 26 that will be proportional to the speed of rotation of
the axle 14 and the latter will atfect the average capacitance
110 between each stator plate 32 and plate areas 26 (for the
two disk configuration or their equivalents) or between the
stator plate 32 and corresponding stator plate 32 (for the three
disk configuration or their equivalents). This capacitance may
be measured, for example, by 1njection of a high-frequency
signal into the stator plates 32 and measurement of that aver-
age capacitance 112 used to deduce velocity of the axle 14 for
motor or generator control. At low velocities, stator plates 32
and rotating plate arecas 26 are closer together forming a
higher average capacitance 112 of effective varying capacitor
76 (shown 1n FIG. 8) whereas at high velocities, the separa-
tion of the rotating plate arecas 26 and plates 32 increases
forming lower average capacitances 112 of effective varying
capacitor 76. This reduction 1n capacitance at higher veloci-
ties may moderate the motor’s performance and may form the
basis of an 1ntrinsic speed control system.

It will be understood that monitoring the instantaneous
capacitance between each stator plate 32 and plate areas 26
(for the two disk configuration or their equivalents) or
between the stator plate 32 and corresponding stator plate 32
(for the three disk configuration or their equivalents) may
likewise provide indication of the rotating position of the
rotor disk 24 according to the regular periodicity of increasing
and decreasing capacitance as occurs with alignment 1n this
alignment of plates 32 and plate area 26. This position signal
may be used for motor control according to generally under-
stood control system techniques.

Referring now to FI1G. 17, the rotor disk 24 may incorpo-
rate an electret material 114, being a substance having a
permanent electrical polarization, the electret material 114
providing electrostatic attraction (or repulsion) between itselt
and the plates 32 to provide dual-mode operation for a motor
or generator mvoking both variable capacitance effects and
clectrostatic effects. The latter may be useful not only for
augmenting the operation of the device (either to generate
clectricity or torque) but possibly also to generate the voltage
of the exciter voltage source 72 for a self starting generator 1in
the same way that residual magnetism may be used in a
conventional electromagnetic generator.

Referring now to FIG. 18, while the principal embodiment
contemplates that the plate area 26 of the rotor disk 24 will be
a conductor, 1t will be appreciated that alternatively or addi-
tionally a high dielectric material may be used to vary the
capacitance between the plates 32 and that the rotor disk 24
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may provide for high dielectric material 1n the plate area 26
separated by low dielectric msulating materials in the non-
plate areas 28.

Referring now to FIG. 19a, when the rotating electrical
machine 10 1s operated as a generator, 1n the three phase
configuration described with respect to FI1G. 9, exciter voltage
source 72 may be connected to each of the plates 32 on one or
more stator disks 30 (being generally the left-hand stator plate
of FIG. 7) and three phase power may be obtained through
terminals 38 attached by conductors 36 to separate sets of
clectrodes (A, B, and C) of one or more corresponding stator
plates 32 opposed across the rotor disk 24.

Referring to F1G. 195, 1n contrast, in the motor configura-
tion, an AC power source 113 may provide three phase power
to the terminals 38 recerved by the separate set of plates 32 (A,
B, and C) of one stator disk 30 with the opposed plates 32 of
the stator disk 30 across the rotor disk 24 of plate 32 con-
nected to ground.

It will be appreciated that the separation of the plates 32
and plate areas 26 in the above described embodiments that
ride on a cushion of air, may alternatively ride on a cushion of
an isulating tluid, such as a dielectric o1l, the latter providing
benefits 1n being non-compressible and thus improving the
mechanical stability of the device and 1ts resistance to attrac-
tive forces.

Referring now to FIGS. 20 and 21, in an alternative
embodiment the stator 30' may be in the form of a ring
displacing 1t outside of the periphery of the rotor disks 24a
and 24b. Electrodes 32 of the stator may extend radially
inward from the stator disks 30 between the space defined by
the axial separation of the rotor disks 24a and 24b. As so
positioned, the electrodes 32 will be periodically opposed on
opposite sides by respective plate areas 26 of the rotor disk
24a and 24b. 'To the extent that the forces between the plate
areas 26 and the electrode 32 are thereby balanced, axial
torces on the electrode 32 will be essentially canceled in favor
of the desired torsional forces, the latter overcome when the
rotating electrical machine 10 1s operating in a generator
mode or exploited as a driving force for rotation when the
rotating electrical machine 10 1s operating 1n a motor mode.

As betore electrode 32 includes an ability to tlex axially
either by pivot, or flexure of the flexing portion 58 as shown
in FIG. 20, so that it may “float” on streams of air 66 drawn
along the surfaces of the rotor disks 24a and 245 1n their
rotation. Generally, these tluid forces will cause a centering of
the plate 32 between the rotor disks 24a and 2454.

In this embodiment the axial spacing of the rotor disks 24a
and 245 may be closer than in the embodiment of FIG. 1
providing an axially more compact device. The forces of the
air 66 on opposite sides of the plate 32, 1n this embodiment,
may eliminate the need for substantial spring biasing of the
plate 32. It will be understood from this description that the
plate 32 may alternatively be bifurcated into two mutually
clectrically 1solated plates 32 sharing a common pivot to self
center between the rotor discs 24a and 245 while providing
separate electrical paths, 11 desired.

It will be understood according to standard usage that
clements considered to be electrically attached to the termi-
nals of a component may be joined directly by a conductor or
indirectly through other intervening elements, this imdirect
attachment ending upon reaching a terminal of the compo-
nent.

Certain terminology 1s used herein for purposes of refer-
ence only, and thus i1s not intended to be limiting. For
example, terms such as “upper”, “lower”, “above”, and
“below” refer to directions in the drawings to which reference
1s made. Terms such as “front™, “back™, “rear”, “bottom”’ and
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“s1de”, describe the orientation of portions of the component
within a consistent but arbitrary frame of reference which 1s
made clear by reference to the text and the associated draw-
ings describing the component under discussion. Such termi-
nology may include the words specifically mentioned above,
derivatives thereof, and words of similar import. Similarly,
the terms “first”, “second” and other such numerical terms
referring to structures do not imply a sequence or order unless
clearly indicated by the context. Although the stator and
rotors are shown as disks 1n the disclosed embodiments, there
1s no requirement that the stator or rotor be 1n a disk form.
When introducing elements or features of the present dis-

4 !"3'

closure and the exemplary embodiments, the articles :
“an”, “the’” and “said” are intended to mean that there are one
or more of such elements or features. The terms “compris-

ing”, “including” and “having” are intended to be inclusive
and mean that there may be additional elements or features
other than those specifically noted. It 1s further to be under-
stood that the method steps, processes, and operations
described herein are not to be construed as necessarily requir-
ing their performance 1n the particular order discussed or
illustrated, unless specifically identified as an order of pertor-
mance. It 1s also to be understood that additional or alternative
steps may be employed.

It 1s specifically intended that the present invention not be
limited to the embodiments and 1llustrations contained herein
and the claims should be understood to include modified
forms of those embodiments including portions of the
embodiments and combinations of elements of different
embodiments as come within the scope of the following
claims. All of the publications described herein, including
patents and non-patent publications, are hereby incorporated

herein by reference 1n their entireties.

I claim:

1. A rotating electrical machine comprising:

a rotor supported on a axle supported on bearings mounted
for rotation of the axle about an axis with respect to a
frame and 1ncluding at least one circumierentially dis-
placed plate region and non-plate region having differ-
ent electrical properties;

a stator having a portion fixed with respect to the frame and
providing at least one plate region aligned and unaligned
with the plate regions of the rotor during rotation of the
rotor,;

a fluid film between the stator and rotor;

wherein at least one plate region of the rotor and plate
region of the stator are axially movable to float 1n sepa-
ration from a plate region of the other of the rotor and
stator on the fluid film so that during operation of the
rotating electrical machine, the fluid suspends the plate
regions 1n separation 1 a manner of a fluid bearing and
without mechanical contact between the plate regions
and intervening solid bearing materials;

wherein the fluid 1s a liquid.

2. The rotating electrical machine of claim 1 further includ-
ing a spring element communicating with and biasing at least
one plate region of the rotor and plate region of the stator
axially toward a plate region of the other of the rotor and
stator.

3. The rotating electrical machine of claim wherein at least
one of the plate regions 1s a conductive plate.

4. The rotating electrical machine of claim 3 wherein the
plate region of the stator and plate region of the rotor connect
to stationary terminals on the frame for communication with
external circuitry.
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5. The rotating electrical machine of claim 4 wherein the
rotating electrical machine 1s a motor and further including an
AC voltage source attached across the terminals.

6. The rotating electrical machine of claim 4 wherein the
rotating electrical machine 1s a generator and turther includ-
ing a substantially constant voltage source attached across the
terminals.

7. The rotating electrical machine of claam 1 wherein at
least one of the stator and rotor include three electrically
independent first plate regions distributed in equal angle
about the axis, the first plate regions joined electrically, and
wherein the other of the stator and rotor includes second plate
regions providing for periodic varying capacitance between
the first and second plate regions with relative rotation
between the rotor and stator, the periodic varying capaci-
tances each offset 1n phase from the others by an angular
magnitude of 120°.

8. The rotating electrical machine of claim 1 further includ-
ing a second stator positioned on an opposite side of the rotor
from the stator, the second stator providing at least one plate
region aligned and unaligned with the at least one plate region
of the rotor during rotation of the rotor with respect to the
stator.

9. The rotating electrical machine of claim 8 wherein at
least one of the plate regions 1s a conductive plate.

10. The rotating electrical machine of claim 8 wherein at
least one of the plate regions on at least one of the rotor or the
stator includes a matenal of higher dielectric constant than a
non-plate region on a same of the rotor and stator.

11. The rotating electrical machine of claim 8 wherein the
rotor 1includes an electret material.

12. The rotating electrical machine of claim 8 wherein at
least one plate region of the rotor 1s positioned and adapted to
be centered between plate regions of the stators by the tluid
passing between the rotor and stators on two opposed sides of
the rotor.

13. The rotating electrical machine of claim 8 wherein at
least one of the stators and rotor include three electrically
independent first plate regions distributed in equal angle
about the axis, the first plate regions joined electrically, and
the other of the stators and rotor includes different second
plate regions providing for periodic varying capacitance
between the first and second plate regions, the periodic vary-
ing capacitances each oflset in phase from the others by an
angular magnitude of 120°.
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14. A method of operating a rotating electrical machine
having a rotor supported on an axle supported on bearings
mounted for rotation about an axis with respect to a frame and
including at least one circumierentially displaced plate region
and non-plate region having different electrical properties, a
stator having a portion fixed with respect to the frame and
providing at least one plate region aligned and unaligned with
the plate regions of the rotor during rotation of the rotor,
wherein at least one plate region of the stator 1s axially mov-
able to float 1n separation from at least one plate region of the
rotor on a liquid film so that during operation of the rotating
clectrical machine, the liquid suspends the plate regions 1n
separation in the manner of a fluid bearing and without
mechanical contact between the plate regions and intervening,
solid bearing materials, the method comprising the steps of:

(a) applying a liquid between the plate region of the rotor
and the plate region of the stator;

(b) applying a voltage to the at least one plate region; and

(¢) applying a torque to the rotor to rotate the rotor with
respect to the stator to overcome a countervailing torque
from forces between the plate region of the rotor and
plate region of the stator.

15. A method of operating a rotating electrical machine
having a rotor supported on a axle supported on bearings
mounted for rotation about an axis with respect to a frame and
including at least one circumierentially displaced plate region
and non-plate region having different electrical properties, a
stator having a portion fixed with respect to the frame and
providing at least one plate region aligned and unaligned with
the plate regions of the rotor during rotation of the rotor,
wherein at least one plate regions of the stator 1s axially
movable to float 1n separation from at least one plate region of
the rotor on a liquid film so that during operation of the
rotating electrical machine the liqud suspends the plate
regions 1n separation in the manner of a fluid bearing and
without mechanical contact between the plate regions and
intervening solid bearing materials, the method comprising
the steps of:

(a) applying a liquid between the plate regions of the rotor

and stator;

(b) applying a varying voltage to the at least one plate
regions to generate forces between the plate and the plate
region to apply a torque to the rotor to rotate the rotor
with respect to the stator at a speed which causes the
plate regions to separate across a film of the liquid.
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